POURFOUR DU PETIT iS of interest in the history of neuroanatomy for his observations and controlled experiments which led to the correction of the earlier view that the 'intercostal nerve' is of cranial origin. The so-called intercostal nerve was the name which had been given by Thomas Willis to the sympathetic chain. This, of course, is one of the two divisions of the autonomic system which innervates smooth muscle and glandular tissue.
Pourfour du Petit's Experiments on the Origin of the Sympathetic Nerve and fellow surgeon, Jean Louis Petit2-was born in Paris in 1664 and he died there in 1741.3 His earlier, classical education appears to have been almost a failure,4 though he showed some flair for philosophy and for physical science, and after a period of travel and private study under a cultivated scientific amateur whom he had met at La Rochelle, he matriculated at the University of Montpellier where he studied medicine and some general science. He obtained a medical degree at Montpellier in 1690 , but before practising, however, he spent a further period of study in Paris. His studies included anatomy, botany and chemistry under such famous teachers as Duverney, Tournefort and L6mery, and surgery in the Hopital de la Charite. Most of his subsequent medical practice was as a physician in the armies of Louis XIV, in which he obtained appointments during the two major campaigns that terminated in the Treaties of Ryswick (1693) and of Utrecht (1713). It was during the latter campaign that he published his small but important work, Lettres du Midecin. On finally leaving the army he settled down and established himself professionally in Paris. His interest in scientific medicine led to his election in 1722 as a member of the Academie Royale des Sciences, and thereafter he specialized almost exclusively in diseases and surgery of the eye, in which he was highly successful, not only as a skilful operator on cataract, but as a resourceful designer of ophthalmic instruments.
We have already indicated that what du Petit had to say on the intercostal nerve was a reaction to the views of the two great seventeenth-century neuroanatomists, Thomas Willis (1621-1675) and Raymond Vieussens (1641-1716). Although the enumeration of the cranial nerves as consisting of twelve pairs, the convention with which we are now familiar, was not finally given until the time of S6mmerring later in the eighteenth century,5 the classification suggested by Lower and adopted by Willis and Vieussens6 had gone a long way towards providing a rational scheme for teaching and study. Some anatomists still preferred the older classification,7 though the one generally used in the beginning of the eighteenth century was that given by Willis 1H. Ridley, The Anatomy ofthe Brain, London, 1695, p. 147. After describing how the fifth nerve, made up of many fibres, arises from the uppermost part of the 'annular process', Ridley continues: 'This nerve, after having climbed over the inner process of the os petrosum into a kind of cavity made of a duplicature of the dura mater in that place, immediately swells into a kind of thickness, called a ganglion, from whence several branches are propagated, lying between the dura mater and the cranium, on each side of the sella Turcica .... going out of the skull at three several places, its superior small branch at the second hole with the third and fourth pair of nerves, its inferior smaller branch at the third hole, and its posterior or largest branch at the fifth. ' 156
Pourfour du Petit's Experiments on the Origin of the Sympathetic Nerve branches, namely the 'upper minor branch' and the 'lower minor branch'.13 Of these, the 'upper minor branch', which was also referred to as the ophthalmic nerve, was described as first entering the orbit of the eye and there splitting up into three branchlets. These corresponded, of course, to the familiar classification for the three divisions of the ophthalmic nerve. It is Vieussens' account of this ophthalmic nerve which probably had an important bearing on the later researches of du Petit.
The first of these ophthalmic divisions, the modem frontal nerve, after projecting an offset [supratrochlear nerve],14 was described as leaving the ocular orbit by a 'special foramen' [supra-orbital notch] to project fibrils to the muscles of the forehead and to the skin of the frontal part of the head. Meanwhile the offset from this branch, that it, the more modern supratrochlear nerve, was said to 'direct its fibrils to the lacrimal gland [lacrimal sac?] adjoining the eye-ball, to the levator muscles of the nose, to the eyelid(s), and to the orbicular muscle'. In the case of 'brutes', Willis explained, another extension of this offset was directed to the muscle with which these animals blink [nictitating membrane].'5 Evidently some of the ramifications ascribed to this nerve, which can only be identified as the supratrochlear, really belonged to the infratrochlear, but we may waive such mistakes as unimportant for our purpose here. In any case, it can hardly be emphasized too strongly that probably for Vieussens and certainly for Willis this description of the nerves was based upon a comparative study of more than one animal.
The second division of the ophthalmic nerve, that is, the one which is now referred to as the nasociliary nerve, was described by Vieussens as dividing into two offsets,'6 and by Willis as dividing into four or five branchlets,'7 the smaller and more external A.E. Best which is attached to the trunk of, and faces the outer membranes of the optic nerve."'8 He then went on to describe how small fibres [short ciliaries] emerged from this plexus, some of which entered the 'depressor and adducent muscles of the eye, whilst others actually penetrated the rear part of the sclerotic membrane'. Here, he maintained, some of these fibres ended, though others went forwards 'within the uvea, so that, as by an involuntary spasm of the eye, the pupil, which lies symmetrically in the front of the eye, may be made to dilate to an abnormal extent'. Vieussens then described how the larger of those two nasociliary divisions-the main trunk of this nerve-after crossing over the optic nerve to the inner side of the eye, divided into four twigs," these being the remainder of those minor divisions identified and mentioned by Willis. One of these twigs [ong ciliary] was described as going out to the sclerotic membrane at the back of the eyeball. Another twig, by leaving the orbit close to the crista galli, penetrated the 'thick membrane' [dura mater], and passed out of the skull through one of the foramina cut in the cribiform bone, distributing fibrils [presumably as the internal nasal branch of the anterior ethmoidal nerve] through the membrane covering the inside of the nose.20 Finally, the other two twigs, of which one was probably the infratrochlear nerve, were said to distribute fibrils to the eyelid and orbicular muscle, and to the outer skin and levator muscles of the nose.21
Vieussens' third division of the ophthalmic nerve [lacrimal nerve], which was treated by Willis, apparently, in isolation from the ophthalmic nerve, was described as 'lying below the abducent muscle, extending to the outer canthus of the eye, and terminating in the "innominate gland" [acrimal gland]'. 23 Other branches of the fifth nerve are hardly relevant to this paper. The 'second branch' [maxillary nerve] was described as leaving the cranium by the 'third foramen' [foramen rotundum], and projecting three branchlets and one twig. This latter, which was said to enter the orbit, to leave by a 'minute foramen', and then to supply the cheeks and muscles of the upper lip, was certainly the slender zygomatic nerve. One of the branchlets, which apparently entered the fold of bone in the bed of the orbit, and emerged through the 'special foramen' to divide into three or four shoots supplying the facial skin, upper lip and nasal parts, was obviously the infraorbital nerve. the other branches of the maxillary nerve, which were referred to above, were probably nerves peripheral to the pterygopalatine ganglion, and may, perhaps, be identified as the pharyngeal branch and the palatine nerves. Thus, extensions are described by Vieussens as supplying the 'special white and spongy flesh below the bones of the palate' as well as the 'hard membrane and callous-like skin which covers the flesh'.24
Finally, the third and last division of the fifth nerve [mandibular nerve] was described by Vieussens and Willis as supplying [motor] nerves to the muscles of the side of the head, to the external ear, to the muscles of mastication, and to the muscles of the tongue, and as supplying [sensory] nerves to the tongue and to the teeth. 25 The sixth cranial nerve, that is the abducent nerve, was described by Willis and Vieussens as arising from the lower part of the 'annular process', running anteriorly through the 'thick membrane' [dura mater], and entering the 'receptacle' at the side of the 'saddle', from which it was said to enter the orbit of the eye, where it ramified into many fibrils supplying the abducent muscles."6 So far we have not mentioned what for Willis and Vieussens was an important feature of the fifth and sixth cranial nerves, namely the recurrent twigs, which they believed were the roots of the sympathetic trunk. Willis explained that the nerve of the fifth cranial pair 'remits sometimes one, sometimes two twigs, which along with the other recurrent twig from the sixth nerve form the principal root of the intercostal nerve'.27 Describing the sixth cranial nerve,28 he wrote that near to the side of the Turkish saddle it 'sends back sometimes one, and sometimes a couple of twigs, which, joined with recurrent branches of the fifth nerve, form the principal trunk of the intercostal nerve'. And elsewhere,29 he described the principal trunk of the intercostal nerve as consisting of two or three twigs, 'which were sent back from the fifth and sixth nerves, and joined together as in one stem'.
Vieussens described the ophthalmic branch of the fifth cranial nerve as 'emitting', sometimes one, sometimes two fibres, which with a fibre emitted from the sixth cranial nerve became attached to the intercostal nerve.30 Again, he A. E. Best one or two fibres from the fifth nerve became attached in order to form the chief root of the intercostal nerve.31 Writing more specifically of the intercostal nerve Vieussens wrote: 'The two nerves commonly called intercostal, because they lie along the roots of the ribs within the pectoral cavity, trace back their recognised source to the fifth and sixth pair of nerves. For one twig from the sixth pair of nerves and two twigs from the greater branch of the anterior division of the fifth pair unite close to the side of the [Turkish] saddle to become attached to the trunk of the intercostal nerve, which turns back from its source, becomes affixed to the carotid artery, and leaves the skull'.82
Thus, as we see, both Willis and Vieussens were unequivocal in identifying the fifth and sixth cranial nerves as the source of sympathetic innervation. No other nerves, cranial or otherwise, were mentioned by these two anatomists as having this special relationship with the intercostal nerve. It has been claimed that this view was derived from Eustachius's diagrams,33 but this is not the case as far as the fifth cranial nerve is concerned. The assignment of such a role to the fifth nerve was almost certainly due to Willis, or to one of his collaborators.
Only those nerve fibres which extended from the sixth cranial nerve to the intercostal nerve were represented in the engravings of B. Eustachius." The relationship with the fifth cranial nerve, however, was described-although with considerable caution-by Giovanni Maria Lancisi, the Italian physician, who wrote the accompanying schedules for Eustachius' postumously-published work. 'There are those', he wrote in obvious reference to Willis, 'who believe that the twigs from this [fifth cranial] nerve, along with those from the next [sixth], are supplied to energize the intercostal nerve and the splanchnic nerve'.35 And after explaining that the sixth cranial nerve, 'by far the smallest', takes its origin as filaments from the lower part of the 'annular prominence' [pons] and is borne laterally to the muscle of the eye which is commonly called the indignator [lateral rectus muscles], he goes on to say that 'it supplies a branchlet, however, to the upper division of the fifth pair, where it is distributed into the intercostals and (hence?) the viscera'. 'It is thus', he continued, ' , and on one occasion [I saw] a fascicle which was more like a small ribbon than a fibre'. But he added, 'I do not readily recall having clearly seen accompanying fibres from the fifth cranial nerve, which were attached to these'.38
In spite of these reservations, however, some of the great anatomical texts, which appeared towards the end of the seventeenth century and during the early years of the eighteenth century, confirmed Willis's description of the source of the intercostal nerve. Thus Henry Ridley, in his small volume on the brain, described how, from the 'foremost branch'-that is, of the fifth cranial nerve-'two little ones turn back, and meeting with another small branch a little lower turned back also from the sixth pair, where that nerve is fastened to the outmost or borrowed coat of the carotid artery, make up a small trunk of a reddish or fleshy colour ... which descending obliquely, and creeping under that artery, betwixt its external, proper, and borrowed coat, goes out with the carotid artery at the fourth hole of the skull'. He continues, 'and from its passage through the thorax, near the roots of the ribs (all along which, it receives a branch from the intercostal nerves) is called, the Intercostal Pair'.39
William Cowper, who collaborated with Ridley in dissecting human bodies, and whose great anatomical treatise was published at the instigation of the Royal Society, wrote as part of the schedule for one of the superbly engraved tables: 'The intercostal nerve [is] composed of two branches from the fifth nerve ... joining with the body of the sixth in this subject [but] , whether the disposition is constant, I must confess my late enquiries have not afforded me an opportunity of observing'.4 There were other supporting claims. Thus, Bianchi, in a short anatomical treatise addressed to the Italian physician Nigrisoli, which is included in the collection of Manget, also described the intercostal nerve as originating in the cavernous sinus out of the fifth and sixth pair of cranial nerves.4'
What is rather remarkable in these anatomical descriptions is that none of these people seems to have conceived the idea of demonstrating or refuting a connection between the fifth cranial nerve and the sympathetic trunk-for such, of course, was their intercostal nerve-by dividing the latter at some convenient point and observing the facial changes. Of course, they could not experiment on living humans, in which facial changes of colour are easily observed, but they were aware of the part played by the fifth cranial nerve in certain ocular responses, and any dependence, which there might have been between this kind of response and their so-called intercostal A. E. Best nerve, could easily have been demonstrated by severing the trunk of this nerve in the neck of an animal. That they did not do this is especially remarkable, because it had been known from antiquity that the functions of certain nerves, especially those known as the 'tonic' nerves, could be studied from the induced effects of severing their trunks. Such procedures, with respect, for instance, to the ligation of nerve fibres controlling the voice or respiration, would be known to any student of Galen. Galen described in some detail how, to the surprise of onlookers, an animal would become suddenly dumb, if nerves 'near the carotid arteries' were bound with thread.42 'It seems a remarkable thing', he wrote, that by the ligation of minute nerves in the back, the voice should fail."43 A large portion of Willis's account of the cranial nerves dealt with the vagus, his so-called 'eighth pair' of cranial nerves. Here he discussed whether heart-beats were dependent upon animal spirits which were supplied by the branches of this nerve, and whether if these resources were blocked the heart would stop beating. Hence, he described an experiment, which, he said, he had often carried out to answer this question. He described how, by laying open the vagus through incisions at the side of the jugular vein, and by constricting the exposed nerve with a tight ligature, he was able to produce the confirming syndromes in the animal. The dog, he wrote, seemed to stiffen at once, to lose its voice and to show convulsive chest movements and tremours of the heart, and although these abated, the animal lost all its verve and lay as though dying." Similar experiments were described by Richard Lower. He wrote that the movement of the heart is affected, if the supply of animal spirits is curtailed even for the shortest time. Thus, if the nerves of the 'eighth pair' are ligated or completely severed in the neck, the change is remarkable and sudden:45 for the heart, which until now may be beating moderately and evenly, begins to palpitate and waver, and the animal only survives for a day or two, palpitating and without energy. He explained, in passing, that the animal does not die at once, only because of supplies made available by the recurrent nerve from the vagus and by intercostal branchlets, which come from the 'plexus below the entrance to the chest', and which are received by the vagus trunk, before the latter sends twigs to the heart. The apparent relationship between certain cranial nerves and the nerve which had been described by Willis as the intercostal was rationalized by prevailing theories of the function of the latter in providing a certain reciprocity in the responses of different parts of the body.
Willis compared the intercostal nerve to a bush growing upon another, so that although there is only one source of animal spirits, namely the cerebellum, the com-"' C. Galeni opera omnia, ed. Kithn, Leipzig Pourfour du Petit's Experiments on the Origin of the Sympathetic Nerve munication between the two nerve-systems allows them to be distributed throughout the ramifications of each, and it was thus, according to Willis, that the rapid concomitance between actions and involuntary passions was maintained in different parts of the animal's body." The fact that the intercostal nerve appeared to rise from the roots of the fifth and sixth pairs of cranial nerves, and did not originate directly in the cerebellum itself, was sufficient for Willis to explain why, so promptly without the intervention of the brain, and as if through one and the same act, the eyes and especially parts of the face and the mouth would respond to the movements of the midriff and viscera which were under the control of the intercostal nerve.'7
Instances given by Willis and Vieussens of such concomitant responses were of sneezing and of those obtained by tickling a person's ribs."8 'As soon as the nerve fibres which lie over the nostrils are wrinkled by irritation, the diaphragm, on account of the rather different [rate of] breathing is immediately pressed down by the flow of animal spirits in the intercostal nerve. Then by a spasmodic slackening of the nostrils the septum is forcibly drawn back producing a stronger expiration and a forceful emission of air'. He went on to say, 'similarly [but], in a contrary direction, when the diaphragm contracts through the tickling of the ribs, it causes laughter, the face and mouth being contorted involuntarily.' Vieussens wrote: 'On account of the source of those [intercostal] nerves-which is borrowed, as it wereand on account of the frequent communication, which they have with the nerves of the eighth pair [the vagus nerves], it comes about that there is so much concord between the brain and the viscera, and that for the various dispositions of the brain, and indeed for the various ideas aroused in the mind by the operation of the brain, the viscera are affected in various ways. Hence it can be demonstrated why the eyes, lips and other facial parts, which are supplied with nerve fibres of the fifth and sixth cranial pairs exhibit various changes according to the different motions of the midriff, even when one is unaware or, indeed, unwilling."'9
Willis and Vieussens were obviously anxious to make the point that the flow of animal spirits within the intercostal nerve, could occur either downwards or upwards, ' depending on the circumstances. The fifth cranial nerve was seen as a system which was admirably adapted not only to bring about overt responses to certain thoughts, but to relay innervation to the lower parts of the body, including the genitals. In describing, for instance, the maxillary division of the fifth cranial nerve, Willis explained how its finer extensions climbed up and entwined around the blood vessels which supply the face. It was thus that one's 'indecorous' thoughts led to an influx of animal spirits into this branch, which caused the constriction of the veins and the retention ofblood in the face.Y0 But the same animal spirits that produced this response, might, through one's view of something, be deflected from the ophthalmic division of the fifth nerve into the intercostal nerve, where they would bring about a different response in another part of the body.51 Furthermore, the flow of animal spirits could take place in the reverse direction, and from some change in the lower parts of the body could produce concomitant changes in the face. As we have adumbrated above, the important contribution of Pourfour du Petit was that, as far as the extensions of the intercostal nerve into the head are concerned, the flow of energy is in one direction only, namely upwards. Pourfour du Petit published his paper which refuted the view concerning the origin of the intercostal nerve in the Memoires de l'Acad&mie Royale des Sciences for 1727.52 After mentioning the circumstances which led him to write this paper, he described how, as early as 1705, after a scrutiny of Vieussens' 'twenty second plate', he was already doubting whether the intercostal nerve was of cranial origin. He was then physician to the H8pitaux du Roi at Namur, and having access to bodies was able to discover 'many facts about the brain and nervous system'. Whilst dissecting the intercostals he found that the arrangement of these nerves in joining on to the fifth and sixth cranial pair was from the posterior to the anterior end as shown in Figure 3 of his diagram." Other dissections had confirmed this.
He described the intercostal nerve (A,A) as entering the skull along with the carotid artery by passing under the membrane which enveloped the artery in the 'twisted, petrous tube'. This nerve [ ,-A S \ * slenderness to the dura mater, to the pituitary gland and to the outer coat of the carotid artery; larger ones, however, of which there were usually two, as in the figure, joined on to the anterior cord of the fifth pair, and a third one joined on to the sixth pair.
His point, made rather more clearly in the abstract of his paper than in the paper itself, was that since these slender twigs joined on to the fifth and sixth pair in the opposite direction from that shown in the diagrams of Willis, this excluded the possibility of 'animal spirits' flowing from the source of these cranial nerves into the intercostal extensions. ' For if the intercostal did stem from them, the question would naturally arise as to how it received animal spirits-how the fifth and sixth nerves supplied the intercostal with fluid, in view of the direction of flow within them (dans leur cavit6); that is to say, stemming from the fifth and sixth nerves, the intercostal would have to originate from the same direction as their origin'. The author of this abstract went on to say, 'M. Petit has shown that the intercostal was, with respect to the [superficial] origin of these nerves, attached in the opposite direction, so that fluid could not pass into the hollow of this nerve except by turning, impossibly, round'."5 Du Petit supported his argument also by the relative thickness of the nerves. First, careful inspection of the intercostal nerve showed that, instead of becoming thicker as it approached its supposed source, it actually became attenuated, the twigs being thinnest where they merged into the fifth and sixth cranial nerves. Second, the trunk of the sixth nerve was thicker after receiving the extension of the intercostal nerve, though, because of its size and adherence to the dura mater, the ophthalmic branch of the fifth nerve did not show such obvious thickening.56
Du Petit explained that it was not possible to trace the course of the intercostal nerve fibres beyond their points of attachment to the fifth and sixth pair. He claimed that, in the case of the wolf, ramifications of the intercostal nerve could be traced as twigs of the ophthalmic nerve, but otherwise one could only speculate on what happened.57 Whereas he was sufficiently satisfied that the intercostals did not arise from these cranial nerves, he conceded that this was not enough to convince other anatomists. Accordingly he tested his hypothesis by certain experiments. 'I conceived the idea', he wrote, 'that if I severed the intercostal of a live dog, it should bring about certain changes in the eyes. From this it would follow that it is the intercostal nerve which supplies the animal spirits [to the eyes]'.
An inspection of Willis's diagram, which shows the downward course of the intercostal nerve,58 would suggest that the most obvious place to cut the intercostal nerve for the purpose of this experiment is in the neck of the animal. Du Petit was aware that in dogs and in other quadrupeds the 'intercostal is enveloped in the same sheath as that of the eighth pair, and that one cannot be divided without the other'. He made the point, however, that the eighth pair supplied no branches to the eyes,59 and that A. E. Best by cutting it along with the intercostal trunk one would not affect the kind of results, which he expected to obtain. One could, he explained, use a monkey, in which the intercostal nerve is not encased in the same membrane as the vagus, and in which it is possible to separate the two nerves quite easily.
His experiments fall into two series. The first series belongs to the early part of 1712 at Namur; the second series to the latter part of 1725 in Paris. It would be rash to ascribe too much to his reflections of 1705. If at this time he did suspect the accuracy of Willis's remarks which concerned the source of the intercostal nerve, it is most unlikely that he was giving any serious thought to the part played by the intercostal nerve in ocular responses. We say it is unlikely because of letters published at Namur in 1710, in which he described some observations on patients in the military hospital, which were made, presumably, about the time of, or shortly after, the fighting of 1709.60
These observations of du Petit were partly in confirmation of sections of Theophilus Bonet's Sepulchretum sive anatomia practica (1679), though they were mostly restricted to the after-effects ('contre-coups') of certain brain injuries of soldiers who had been brought into the hospital. A medley of wounds are described, which include piercings and abrasions from swords and sticks, concussions from falling objects, and damage from deeply penetrating bullets. He was chiefly interested in various paralytic effects. His conclusions were that limbs and other moving parts of the body are set in motion by animal spirits supplied from that side of the brain which is opposite to that of the parts moved, that the spirits which set the limbs in motion came from the hemispheres of the brain, and that 'contralateral' paralysis was complete only when the 'corpus striatum' on either side had been affected.
His techniques were precise and systematic. These entailed: (1) a careful observation of all the symptoms as long as the patient survived; (2) an immediate dissection and examination of the patient's brain after death; (3) the simulation, as far as practicable, of the same injuries in a dog, and the observations of the symptoms; and (4) the immediate post-mortem dissection of the brain of the dog. Yet, apart from one brief reference to the dulled appearance of an eye and the ptosis of an upper lid as part of the paralysis on one side of a soldier who had had a 'light pleurisy' (sic), he made no allusions to the appearance of the eyes, when he was recounting the different 'contre-coups'. He referred to the intercostal nerve in one of these letters, and described the effects of pinching its various branchings. In fact, he even described the result of pinching the associated intercostal and vagus nerves 'opposite to the carotid artery' saying that it produced 'no contraction either of the heart or of the lower stomach', but he made no reference at all to what might have been observed in the eyes.61
The simple explanation is that before 1710 he was not interested in the effects in the eyes, and he betrays this by a remark in his 1727 paper which was published in the Memoires de l'Academie. Referring briefly to the effects on the heart, breathing and voice through the severance of the associated intercostal and vagus nerves, he ' 166 said that Willis and others had not observed the effects in the eyes because 'Their attention was not directed there. The experiments which they performed were only concerned with the eighth pair, whilst I have been concerned with the intercostal pair'.62 If, however, du Petit had been asking himself crucial questions about the source of the intercostal nerve as early as 1705, it is hardly likely that he would have raised the subject in this way in 1710 with no hint of its relevance. We suggest that his real interest in the sympathetic nerve was aroused by subsequent observations which he made whilst repeating the performance of constricting the cervical extension of this nerve. It is plausible to suppose that his attention was directed by chance to the observable changes in the eyes of the animal, when he was again investigating the effect of pinching the cervical branch of the intercostal nerve, and that this led to close scrutiny of the fifth and sixth cranial nerves and of the so-called intercostal nerve in the light of what Willis and Vieussens had written. This would supply a likely background to the series of experiments, carried out in 1712, which was eventually published in Memoires de l'Academie Royale des Sciences. The experiments described in this first series were as follows:63 Experiment 1, February Ist I cut the cord of the intercostal and of the eighth pair on the two sides of a live dog, opposite to the third and fourth vertebrae of the neck. It first lost its voice, and after an hour the eyes were seen to have become dull. It breathed heavily with the whistling noise of an asthmatic, and it died seven hours later. Experiment 2, February 12th I cut the cord of the intercostal and of the eighth pair on the two sides of a live dog. First it lost its voice and after some hours its eyes became dull. It had no difficulty in breathing, but it was very restless, and there was a quivering movement of the heart. It continually vomited what it had had to drink and eat, and its eyes became mattery and smaller than they (usually] were. It died on February 19th.
[Although there was no doubt about the changes which had occurred in the eyes of the dog, du Petit was aware that this might have been due to shock and pain. Accordingly, he decided to carry out the division of the nerve on one side of the neck only]. Experiment 3, February 23rd I cut the cord of the intercostal and of the eighth pair on the right side only. First the dog lost its voice, and after half an hour I noticed that the right eye had lost much of its lustre. It showed those syndromes (accidens) described in Experiment 1, which led me to suppose that it would die in the same way afterwards. However, the syndromes became less marked, though they showed up again rather strongly after it had drunk and eaten, or when it was angered by another dog which came into the kitchen. There was still a tendency to nausea; sometimes it would reject its food with considerable effort, and would then begin to eat again gnawing its bones eagerly. Its right eye began to be filmy and, three days after the operation, it was discharging a great deal of matter. By the beginning of March, the wound was found to be healed. It died on the 15th of the same month after an extraordinary bout of eating. I dissected the two eyes of the dog. There was a little inflammation of the right eye, but nothing else was amiss except that the volume of the humours was less and the eye was smaller. Experiment 4, March 20th I cut the cord of the intercostal and of the eighth pair on the left side of a dog. Its voice did not fail-it was only sharper and more feeble. The left eye was found to be less alert and the nictitating membrane (la membrane particuliere) in the major canthus (du grand coin) of the eye had advanced over the cornea. The eye shed tears for some time. Although the dog was ' Pourfour du Petit, op. cit., Mem. Acad. r. Sci., 1727, p. 7. ' Ibid., 5-7. To avoid repetition, we have made some slight abridgements in the translation of du Petit's text.
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A. E. Best inclined to nausea when eating, its breathing was sound. In due course it recovered and became quite sportive, its left eye having again regained almost all its lustre." Experiment 5, April 9th I carried out the same experiment on the same side of another dog, and this was equally successful."6 Experinent 6, April 10th I carried out this experiment on the right side of another dog. It did not lose its voice as the one did in Experiment 3, and it showed no tendency to vomit and no [signs of] difficulty in breathing.
The nictitating membrane in the major canthus of the eye had encroached over the cornea,
[but] the eye appeared to be only slightly bleared (terne) and watery Qarmoyant). After two months the same eye had gradually recovered all its lustre, [though] it was not quite as alert as the eye on the left side. Experiment 7, April 17th
Using another dog, I cut the same cord of the intercostal and of the eighth pair, first on the right side. The dog lost its voice. After a quarter of an hour I operated on the left side. The dog showed no desire for drink or food, but it did not vomit at all. Its eyes lost their lustre and became so mattery and so sunken, that it scarcely appeared different when it died on April 21st."
In each case the affected eye had become dull, sunken, moist and mattery, and in each case the nictitating membrane had encroached over the cornea.67 All this, du Petit concluded, showed 'the absence of animal spirits which are supplied by the intercostal nerve'. His paper of 1727, which describes also the second series of experiments, contains results which were not apparent to him in 1712, at the time of his first series of experiments which we have just given here. Nevertheless, some of the general conclusions of his 1727 paper, though confirmed by what he observed in the second series of experiments, clearly belong to the 1712 period of his speculations. Though published so long after, he had already reached important conclusions in 1712, and one of these was that the 'fibres' which held back the cartilaginous membrane [nictitating membrane], were innervated by the intercostal nerve, for the severance of this nerve, provided other conditions remained the same, led to the release of the membrane. It was the failure of this nerve on the death of such an animal as a dog or a cat that brought about the extensive encroachment of the nictitating membrane across the cornea-in the case of the dog across the entire surface of the cornea.8
As one can see there is no mention of the pupils of the eyes in the 1712 series of experiments. Prima facie, this is surprising, for he must have examined the eyes very closely. On reading his second series of observations, however, it is evident that what happened to the pupils was not a readily observable syndrome. He used no superlatives to describe the degree of contraction, and where he employed measurement to compare the diameters of pupils of the affected and non-affected sides, the result though positive, was hardly impressive. What would seem to be the case is that his observations of the pupils were undertaken to confirm certain theoretical speculations, his own and, probably, those of others, concerning the function of the ciliary nerves.
By the early 1720s du Petit was convinced that the sympathetic nerve had its 
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Pourfour du Petit's Experiments on the Origin of the Sympathetic Nerve superficial origin at some place in the spinal cord,9 and that it was only as a tributary that its upper extension supplied fibres to the fifth and sixth cranial nerves, along with the ramifications of which it eventually supplied the eyes and, probably, the ears and face. It had already been claimed by Vieussens that the dilatation of the pupils was effected by ciliary extensions of the ophthalmic nerve,70 but even by the early 1700s the description of these nerve fibres was still largely conjectural. F. Ruysch, who tried to examine the course of these fibres between the sclera and the choroid of the eye, believed that their sole function was to innervate the ciliary muscles.71
At some time during, or perhaps rather before, 1725, whilst specializing in the removal of cataract, du Petit's attention was directed to these ciliary nerves between the membranes of the uvea,7' and he was left in no doubt that these fibres also controlled the pupillary appertures. That they contained extensions, albeit remote ones, of the intercostal nerve, was something that might be verified by a series of experiments similar to those carried out in Namur in 1712. This he promised to do.
He gave a fuller account of these anatomical speculations, which were to form the background of his second series of experiments, in his paper of 1727.73 Thus he described the trunk of the nasociliary nerve as emitting a 'branch', which, along with another branch from the third cranial nerve, formed, certainly in man, a small ganglion [ciliary ganglion]. From this ganglion, he said, slender fibres attached themselves to the outer membrane of the optic nerve, from which either in bundles or singly they went out to the back of the eyeball, where some, by running between the sclerotic and the choroid, extended as far as the cornea. Hence, the ciliary nerves, which, he claimed, ought more appropriately to have been called the 'pupillary nerves', whose associations with the intercostal nerve had not been perfectly recognized by Willis and Vieussens, and whose origin had eluded Ruysch, were supplied with 'animal spirits' by the third, fifth, and sixth cranial nerves, and by the intercostal nerve.
Without saying who they were, du Petit revealed that people were already canvassing the theory that the ciliary nerves received their supplies of animal spirits " 'M6moire sur plusieurs D6couvertes 
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A. E. Best wholly from the intercostal nerve, that the association of the fibres of the intercostal nerve with the ramifications of certain cranial nerves was, presumably, simply a matter of anatomical economy.7' Perhaps there is discernible in this a presage of other theories, besides that of animal spirits, which might explain the transmission of energy along nerve fibres. Already, anatomists, who had caught glimpses through their microscopes of the fascicular structure of slender nerves, were voicing their dissatisfaction with the theory of animal spirits.75 Du Petit objected that it was implausible that such slender twigs which verged into the membranes of the ophthalmic nerve and the sixth cranial nerve could emerge as the so much greater 'volume' of fibre necessary to make, not only the ciliary nerves, but the other sympathetic extensions to the eyes, nose and face.76 At times, however, he would appear to be maintaining that the extensions of the intercostal nerve in the ciliary nerves were present as independent fibres, and it was thus that the 'intercostal leads right into the eyes'.77 Certainly, a part of the object of the second series of experiments, would appear to be to confirm that at least some of the nerve fibres that penetrated the back of the eye were of sympathetic origin. That he confused the issue towards the end of his paper by trying to give explanations of the syndromes in terms of the theory of animal spirits, can only be explained as loyalty to the mechanistic Cartesian doctrines, which still pervaded the French academic tradition.
The series of experiments carried out in 1725 and published in 1727, were intended primarily, therefore, to confirm the theory that the energy transmitted to the eyes by the intercostal system of nerves was through continuous, individually distinct fibres, which extended from the trunk of the body upwards into the head. We are told that the experiments were witnessed by Winslow, S6nac and Hunauld.
Experiment 1, September 18th78 I severed the cord of the intercostal nerve and of the eighth pair on the right side of a dog. It did not lose its voice and there was no immediate change in the right eye, but after a quarter of an hour the eye appeared to be less bright than the left one, and the nictitating membrane (membrane cartilagineuse), which these animals possess in the inner corner of the eye, had encroached a little over the cornea. September 19th It showed no tendency to vomit; there was no palpitation, but it breathed with difficulty. I observed four symptoms in the right eye, which were not present in the left. First, the nictitating membrane, which these animals possess in the inner corner of the eye, had encroached over the cornea, covering about a quarter of the disk. Second, there was some matter in the major canthus of the eye on the nictitating membrane. Third, the cornea was less convex. Fourth, the pupil was less dilated than that ofthe left eye, all these effects making the eye dull (morne) and shrunken.
September 21st and 22nd
The dog did not want to eat. September 23rd
The dog ate and was quite lively. It had no difficulty in breathing. The condition of the eye, however, remained the same, except that there was no longer any matter, and it remained thus until September 30th, when I noticed that the cornea had regained its convexity and the eye was bright, though the nictitating membrane remained in the same place (6tat) as before on the cornea; the pupil was larger. The dog had become fatter since the operation, and the wound had almost healed. Experiment 2, October 5th As the scar had now closed a little, I severed the cord of the intercostal and of the eighth pair on the left side. After a quarter of an hour, the nictitating membrane had encroached over the cornea. The dog, which had gone to eat before I operated on it, vomitted. Its left eye had become dull and mattery, the cornea had become slightly flattened and the pupil had contracted. It no longer had any inclination to eat after this operation. It died on October 8th, that is, three days after the operation.
Du Petit then went on to describe his dissection and examination of the affected eyes. He wrote, 'The nictitating membrane extended over the diameter of the cornea of the left eye to a distance of a line and three quarters, whereas on the right eye it extended only a line and a half. The whole conjunctiva of the left eye was inflamed, though there was no inflammation in the right eye. The pupil of the left eye was two lines in diameter, whilst that of the right was two and a half lines. There was nothing exceptional in the other parts of the eyes.' Three or four minutes after the operation, the nictitating membrane had encroached over the cornea of the right eye of the first dog; it had encroached on the left eye of the second dog, and on the two eyes of the third dog, the encroachment on the right side being more extensive than that on the other side. After an hour the pupil was found to be smaller in the first two dogs in the eyes on the same side as the operation, but what was striking was what the two pupils were very dilated in the case of the third dog, the dilation being greater in the right eye than in the left. This [third] dog, which survived for only twelve hours, had great difficulty in breathing and there was palpitation of the heart. The other two dogs had no difficulty in breathing and they did not vomit. The cornea became slightly less convex on the side of the operation. The affected eyes were still very lustrous, but not quite as much as those on the opposite side. The dog, on which the operation had been performed on the right side, lost its voice, but the other dog was barking quite well. October 20th
The nictitating membranes [on the operated sides] of these two dogs were (now] not as extended so far over the cornea, and the pupil was smaller on the side of the operation. There was no matter, [though] the colours of the iris were less lustrous.
The wounds of the first two dogs had [now] healed, but in the case of the dog in which the intercostal had been cut on the right side, the pupil of the eye on the side of the operation remained permanently smaller.7' The eyes, which had been slightly dull, had [now] regained their lustre, and I observed that the cornea had become gradually more convex. Again, I carried out other operations on the right side and on the left, and the same phenomena followed, which shows that the eye receives spirits through the intercostal nerve.
The value of this research is in du Petit's discovery that the dilator muscle of the pupil is partly innervated by fibres in the cervical sympathetic chain. We say partly, because his observations of the subsequent dilation of the affected pupil, and of certain inconsistencies when the incisions were made on both sides pointed to other sources of innervation of the dilator muscle of the pupil. This concurred with what 79 Ibid., p. 9,'... la prunelle s'est toujoOrs trouv6e plus petite du c6te de l'op6ration.' 171
A. E. Best he had learned anatomically, namely that the ciliary ganglion also received roots from the nasociliary and oculomotor nerves. Also, he rightly surmised that the ciliary nerves supplied sympathetic innervation to the blood vessels of the white of the eye, since the division of the cervical trunk of the sympathetic chain produced inflammation there.
His theoretical explanations must be judged mainly in the light of French, seventeenth-century mechanistic physiology. He argued that after the denervation of the blood vessels in the front of the eye they lost their elasticity ('ressort'), became more than normally distended with blood, and thus produced inflammation over the front of the eye.80 But-his argument ran-as the blood pressure was partly absorbed through the distension of these flaccid vessels which were nearer to the surface, the circulation was reduced in the inner vessels which were still subject to the pressure of the sclera, so that the supply of humours to the inner compartments of the eye was reduced. The eyeball, he maintained, normally preserved its rotund shape through an equilibrium between the inward pressure of the sclera, which was reinforced by the backward tension of the rectus and oblique muscles, and the hydrostatic pressure of the humours, which was generated by the pressure of the supplying blood; as the blood vessels became relaxed ('relache6s'), there was a shift in the equilibrium, and a contraction and withdrawal of the eyeball [enophthalmos] .81 An apparent dullness of the affected eye, he ascribed to the puckering of the fibres of the shrunken cornea. 82 It would appear that he wished also to explain the accumulation of glutinous liquid in the front of the eye by the excess of blood in the distended vessels. But his explanation of why the lacrymal points ('points lacrymaux') failed to drain off this excess liquid is by no means clear. He had learned from the anatomical descriptions of Vieussens and others that the ophthalmic division of the fifth cranial nerve supplied fibres to the medial angle of the eye, and, in accordance with his own hypothesis, these were accompanied by sympathetic fibres, but it is not apparent how he conceived the closure of the lacrymal ducts, except in terms of the engorgement of surrounding blood vessels.
As we have seen, du Petit ascribed the contraction of the pupil on either side to the failure of sympathetic nerves. But why did the pupils enlarge when the sympathetic trunk was cut on both sides? The enlargement, he maintained, was a motor response to the impairment of vision brought about by the puckering of the cornea: when the dog was cut on one side only, it was not aware of the visual defect in one eye, and the pupil remained temporarily contracted through sympathetic denervation; when, however, the cuts were made on both sides of the neck, the sight was affected in both eyes, and the pupils dilated as a corrective response. He claimed that he had seen confirmation of this in patients with cataract or amaurosis ('goutte sereine'). When the disease was in one eye, the pupil appeared to be normal, but when it was in both eyes the pupils were considerably enlarged: 'Among those who have come to consult me about a cataract, which had formed in one eye, some have assured 8O Ibid., pp. 13ff. 81 Ibid.
